Abstract
INTRODUCTION
Hepatitis B virus (HBV) affects 257 million people world wide, including approximately 200000 Canadians [14] . Chronic HBV infection is associated with 66% of the 1.34 million viral hepatitisrelated deaths reported worldwide and is responsible for a substantial disease burden from liver cancer and endstage liver disease [2] . HBV vaccination is highly effective in preventing infection [1, 3, 5] . Mother to child transmission during childbirth is the most common mode of infection in HBVendemic countries, while infection typically occurs through sexual transmission and injection drug use in Canada and other developed countries [1, 3, 5] . Over 90% of children and 50% of adults display no symptoms with acute infection [1, 3, 5] . The asymptomatic nature of this disease makes diagnosis difficult, leading to chronic illness in 5% of infected adults, 30% to 50% of children, and 90% of infected neonates [1, 3, 5] . Childhood vaccination programs have led to a dramatic reduction in the occurrence of acute infections in developed countries, including Canada and the United States [1, 3, 6] . The record low number of reported acute HBV infections in British Columbia (BC) in 2015 have been attributed to successful vaccination programs [7] . However, certain high risk groups, including men who have sex with men (MSM) and people who inject drugs (PWID), continue to acquire and transmit HBV infection [8, 9] . As HBV infection is mostly asymptomatic, identifying the factors associated with acute and chronic infection could determine avenues for closing gaps in screening, vaccination and other prevention programs.
In many developed countries, a relatively larger number of people are diagnosed with chronic HBV, compared with acute HBV, each year [5, 1013] . Data from Canada, the United States and other developed countries indicate that most chronic HBV infections are diagnosed among immigrants from HBVendemic Asia Pacific countries [10, 1214] . Our previous work suggests that 49% of persons with chronic HBV and decompensated cirrhosis and 46% of those with HCC in BC were diagnosed late in the course of their infections [15] . The rate of late diagnosis has declined but is still substantially higher for HBV compared to hepatitis C virus (HCV) [15] . Therefore, establishing the characteristics of individuals who are more likely to be infected with HBV could enhance the planning of screening programs to further reduce late diagnoses within the province.
Individuals diagnosed with acute and chronic HBV infections may differ with regards to demographics and risk behavior [1, 5] . These distinctions may have implica tions for interventions targeted at either population. Analyses based on these differences could also identify areas for the optimal integration of such HBV programs with currently available health services. We are unaware of any study comparing large population level data for both acute and chronic HBV. Previous studies have mainly focused on chronic HBV epidemiology, with limited data on acute HBV, or acute HBV only [10, 11, 1618] . In this study, we describe the characteristics of individuals with acute and chronic HBV infections and identify the factors associated with HBV infection within the BC Hepatitis Testers Cohort (BCHTC).
MATERIALS AND METHODS

The cohort
The BCHTC includes over 1.7 million individuals tested for hepatitis C virus (HCV) or human immunodeficiency virus (HIV) at the BC Centre for Disease Control Public Health Laboratory, or reported to BC public health as a confirmed case of HCV, HBV, HIV/AIDS or active tuberculosis (TB) since 1990 [19] . Cohort data are integrated with data on medical visits, hospitalizations, prescription drugs, cancers and deaths [19] . Details of cohort creation and epidemiological characteristics have been reported previously and are summarized in Supplementary Table 1 [19] . This analysis is based on data collected between April 1, 1990 and December 31, 2015.
Study population
BCHTC participants who were included in the provincial registry of reported HBV cases, those who tested positive for HBV DNA or HBeAg, and those who were recorded as having received treatment for HBV were considered as cases of HBV. HBV cases recorded in the BC provincial registry with an acute diagnosis were classified as acute HBV infections, while the remainder were designated as having chronic HBV (Supplementary Table 2 ). Individuals who were not diagnosed with HBV but were tested for HBsAg or anti HBV core total were denoted as being HBV negative.
Definitions and covariates
We assessed potential risk factors at HBV diagnosis or at the last negative test, including age, birth cohort, sex, infection with HIV, HCV or TB, problematic alcohol use, illicit drug use, major mental illness, and material and social deprivation. HIV, HCV or TB diagnoses were based on laboratory confirmation or being reported as a confirmed case in the public health reportable disease database. Assessment of problematic alcohol and illicit drug use, and major mental illness was based on associated diagnostic codes in administrative health datasets evaluated across the entire dataset prior to the first positive or the last negative test (Supplementary Table 2 ).
Ethnicity classification was based on the validated name recognition software Onomap [20, 21] . Onomap sensitivity and specificity relative to selfidentified ethnicity, determined on a subset of the BCHTC (n = 5962), was 93% and 98.6% for South Asians, and 67% and 99.5% for East Asians. Race/ethnicity was grouped as White, South Asian (Pakistani, Indians, Bangladeshis, Nepalese and Sri Lankans), East Asian (Chinese, Filipinos, Japanese, Korean and South East Asians), and Others (Black, Central Asian, Latin American, Pacific Islander and West Asian individuals). Socioeconomic status was assessed using the Quebec Material and Social deprivation Index [22] .
Statistical analysis
We compared characteristics of individuals by HBV infection group (acute, chronic and negative) with Pearson's chisquare tests for categorical variables and Kruskal Wallis tests for median age. Factors associated with acute or chronic HBV infection were assessed with multivariable multinomial logistic regression models in comparison with the HBV negative group.
RESULTS
1058056 individuals were eligible for inclusion in this analysis. Of these, 46498 individuals were diagnosed with HBV infection while 1011558 were HBV negative. 4.3% of HBV positive individuals were diagnosed with acute HBV infections while 95.7% had chronic infections ( Table 1) .
Characteristics of acute, chronic and hepatitis B negative individuals
About twothirds of acute infections (70.7%) and half A larger proportion of persons with acute HBV experienced problematic alcohol use, illicit drug use, and injection drug use relative to those with chronic infections and HBV negative individuals (problematic alcohol use: 10.3%, 4.4%, 5.2%, P < 0.001; illicit drug use: 19.8%, 6.6%, 6.6%, P < 0.001; injection drug use: 14.7%, 5.5%, 5.0%, P < 0.001) ( Figure  1A , Table 1 ). Conversely, major mental illness was most prevalent among HBV negative individuals (HBV negative: 13.6%; acute HBV: 11.3%, chronic HBV: 6.9%; P < 0.001).
HCV and HIV coinfections were more common among people diagnosed with acute HBV than among persons with chronic HBV and HBV negative individuals (HCV: 35.7%, 11.0%, 4.6%, P < 0.001; HIV: 6.3%, 2.5%, 0.5%, P < 0.001) ( Figure 1B , Table 1 ). Active TB was less prevalent in the cohort, but more common among those with chronic HBV relative to HBV negative individuals and those with acute HBV (0.9%, 0.3%, 0.5%; P < 0.001). The cohort also consisted of 749 persons with HBV/HCV/HIV triple infection, who mostly had acute HBV infections (acute HBV: 4.1%, chronic HBV: 1.6%; HBV negative: 0.2%, P < 0.001) ( Table 1) .
Factors associated with acute and chronic HBV infection
In multivariable multinomial logistic regression models, we observed significant associations between acute or chronic HBV diagnosis and being male, age at HBV diagnosis or birth cohort, South and East Asian ethnicity, HCV or HIV infection, and injection drug use (Table 2 and Supplementary Table 3 Figure  2B , Table 3 ).
DISCUSSION
In this large population based cohort study, we assessed over 1 million individuals for risk factors associated with acute and chronic HBV infection in British Columbia. This [17, 18, 23] . The HBV vaccination rate in BC is high and the incidence of acute HBV infections gradually declined to just 6 reported cases in 2015 [7, 24] . However, the current opioid epidemic may lead to localized HBV transmission among unvaccinated PWID, as was seen in suburban United States [18, 25] . In our study, the odds of acute HBV were highest among younger persons and these age dependent odds were greatly elevated by injection drug use among younger age groups. Younger PWID had 8fold greater odds of being diagnosed with acute HBV than older nonPWID and up to 3 times the odds of their non-PWID of identical age. These findings demonstrate the interconnected nature of HBV, HCV and HIV infection, mental illness and alcohol/drug addiction and, therefore, highlight the need for a syndemic approach to significantly reducing new HBV infections. As the incidence of vaccine preventable HBV infection typically occurs among populations that are already affected by many social conditions and infections, such an approach should involve the integration of HBV prevention, screening and treatment programs with those of HIV, HCV, mental health and addiction programs.
Ethnicity was the most distinguishing factor between individuals diagnosed with acute and chronic HBV in BC. While over 75% of persons with acute HBV in the BC HTC were White, 60% of chronically infected persons were East Asian. East Asian individuals had 12fold greater odds of being diagnosed with chronic HBV than White persons, which worsened with declining socioeconomic status. Recent studies from the US on acute HBV infection also indicated that 57%89% of acute infections were among the White population, while the majority of prevalent HBV infections were among people from the AsiaPacific region [12, 13, 17, 18] . Similarly, most individuals with chronic HBV in Australia in 2011 (38%) were born in the AsiaPacific region [10] . These results mirror those observed in Canada (20072011), where rates of chronic HBV among foreignborn and nonWhite Canadians were estimated to be 4 and 5 times the national rates, respectively [4] . Low socioeconomic status within the East Asian community may act as a doubleedged sword; increasing their risk of chronic HBV, while acting as a barrier to accessing health care. East Asian immigrants may also face additional barriers to health care, including language and cultural barriers, and insufficient information to make full use of the health care system [2628] . Lack of awareness about HBV and its effects on health, a large proportion of unvaccinated individuals and low awareness of vaccination status may also affect HBV screening and treatment within this population [28, 29] . In general, the asymptomatic nature of HBV infection leads to late diagnosis after complications have developed [1] . Studies have shown that immigrants in Canada are disproportionately affected by HCC and decompensated cirrhosis and have up to 5 times greater risk of death from these causes than their Canadianborn counterparts [14, 30, 31] . Therefore, screening for HBV within the East Asian population is vital for early diagnosis. As the East Asian population in BC faces the additional challenge of a high burden of TB, the integration of HBV screening with TB screening and treatment programs should create additional avenues for the identification of undiagnosed HBV carriers within the East Asian population in BC [32] . The ethnicityrelated differences in acute and chronic HBV and related comorbidities and social conditions emphasize the need for differentiated programing for prevention, diagnosis and treatment by ethnicity.
The differences in HBV risk factor patterns among individuals diagnosed with acute and chronic HBV infection in BC are also mirrored by the distinct patterns of circulating HBV genotypes in both populations [33] . Between 2006 and 2012, genotype C viruses were predominantly isolated from individuals with chronic HBV, while genotype D viruses were prevalent among persons diagnosed with acute HBV in Canada [33] . As a high rate of chronic HBV diagnoses in Canada occur among immigrants form HBV endemic countries, these distinctions in circulating HBV genotypes may be related to the primary circulating strains in their home countries as well as to differing modes of acquisition [4, 33] . In contrast to developed countries, major risk factors for HBV acquisition in HBV endemic developing countries include unsafe medical practices, for example, during circumcision and dental procedures [34, 35] . These variations in circulating genotypes may have serious implications for disease progression and treatment outcomes among individuals diagnosed with either acute or chronic HBV in Canada [33, 36] . Indeed, the elevated risk of HCC among African, Asian and Alaskan populations may be linked to circulating HBV genotypes [36] . This reinforces the need for ethnicity based screening programs that go beyond the ongoing prenatal screening, and neonatal/preadolescent vaccination programs for immigrants originating from HBV endemic countries in certain parts of Canada [37] .
The findings of this study should be interpreted in the light of following methodological considerations. As inclusion in the BCHTC is dependent on either testing for HCV or HIV at the public health laboratory or being reported as confirmed cases of HIV, HCV, HBV or TB, individuals who test negative for HBV and do not meet any of the aforementioned criteria were excluded from our dataset. However, given the large number of HBV negative individuals in the study, we do not expect any major impact on our findings. Data on vaccination status, household contacts, sexual transmission and orientation were not available, which could have further enhanced our understanding of HBV epidemiology within the province. Additionally, ethnicity classifications in our analysis may be affected by the variable sensitivity of Onomap in assigning Asian ethnicities [20] . Onomap was validated on a subset of the BCHTC and showed low sensitivity for Filipinos. This may have resulted in the misclassification of East Asians from the Philippines as Whites and in the underestimation of the HBV in East Asian population. Previous studies have shown that foreignborn and Indigenous Canadians have a higher prevalence of chronic HBV relative to Canadianborn and nonIndigenous Canadians, respe ctively [5, 30, 38] . Similar findings have been reported in Australia and the United States [10, 39] . Therefore, future analyses incorporating Indigenous and immigration status would provide additional insights for more tailored prevention and screening programs.
In summary, our findings show distinct charac teristics of people diagnosed with acute and chronic infection in BC. Persons diagnosed with acute infection had a high level of substance use, coinfection with HIV or HCV, and were predominantly young White males. As acute HBV infection cooccurs with other infections and social conditions, a syndemic approach, where HBV prevention, screening, and treatment programs are integrated with those of other sexually transmitted and bloodborne infections as well as with mental health and addiction care would be an optimal approach for further reducing the incidence of acute HBV in the province and providing care to those diagnosed with acute HBV.
In contrast, the majority of chronic HBV infections in BC were diagnosed among East and South Asian individuals, who had very low levels of illicit drug and problem alcohol use, major mental illness and co infection with HIV or HCV. Since traditional risk behavior and viral coinfection are less common among persons with chronic HBV infections, riskbased screening and prevention programs may impact only a fraction of such individuals. Given the asymptomatic nature of the disease and the grave healthrelated consequences of untreated HBV infection, organized screening programs are urgently needed to facilitate early diagnosis within the immigrant population in BC. Therefore, HBV screening and treatment programs focusing specifically on foreignborn East and South Asian population within BC would be necessary to have a significant impact on HBVrelated disease burden within the province.
ARTICLE HIGHLIGHTS
Research background
Hepatitis B virus (HBV) affects approximately 200000 Canadians and 257 million people worldwide. In many developed countries, a relatively larger number of people are diagnosed with chronic HBV compared to acute HBV, each year. Chronic HBV infection is associated with 66% of the 1.34 million viral hepatitis-related deaths reported worldwide. It is responsible for a substantial disease burden from liver cancer and end-stage liver disease.
Research motivation
Data from Canada, the United States and other developed countries indicate that most chronic HBV infections are diagnosed among immigrants from HBVendemic Asia-Pacific countries, while acute infections are predominant among White individuals. Persons diagnosed with acute and chronic HBV infections may differ with respect to demographics and risk behavior. These distinctions may have implications for interventions targeted at either population. Additionally, 49% of persons with chronic HBV and decompensated cirrhosis and 46% of those with HCC in British Columbia (BC) were diagnosed late in the course of their infections. Therefore, establishing the characteristics of individuals who are more likely to be infected with HBV could enhance the planning of prevention and screening programs to further reduce late diagnoses within the province.
Research objectives
In this study, we describe the characteristics of individuals diagnosed with acute and chronic HBV infections and identify the factors associated with HBV infection within the BC Hepatitis Testers Cohort (BC-HTC). We are unaware of any study comparing large population level data for both acute and chronic HBV. Study findings should inform prevention and screening programs within BC.
Research methods
We used data from the BC Hepatitis Testers Cohort (BC-HTC), which includes all individuals tested for HCV or HIV and those diagnosed with HBV or TB in BC since 1990. These data were integrated with prescription drug, medical visit, hospitalization and mortality data. HBV cases were classified as acute or chronic in accordance with provincial guidelines. We compared characteristics of individuals by HBV infection group (acute, chronic and negative). Factors associated with acute or chronic HBV infection were assessed with multivariable multinomial logistic regression models in comparison with the HBV negative group.
Research results
46498 of the 1058056 eligible BC-HTC participants were diagnosed with HBV infection; 95.7% with chronic infections at HBV diagnosis. Acute HBV infections, indicative of new transmission events, were diagnosed predominantly among males, persons aged between 25 and 34 years, White individuals, and socioeconomically disadvantaged persons. Problematic alcohol use, injection drug use, HIV and HCV co-infection were also common within this group. Individuals diagnosed with chronic HBV infection were predominantly older and East Asian. Additionally, substance use and HIV or HCV co-infection were relatively low within this group. Relative to Whites, East Asians had 12 times greater odds of being diagnosed with chronic HBV infection. These odds increased with increasing socioeconomic deprivation.
Research conclusions
These findings highlight distinct risk patterns for individuals with acute and chronic HBV infections and underscore the need for different strategies to prevent, diagnose and treat HBV within these groups. Optimal care for acute HBV would require the integration of HBV prevention, screening, and treatment programs with programs for mental health, addiction and other blood-borne infections. Managing chronic HBV, on the other hand, may require screening programs focusing on at-risk ethnic groups, including foreign-born East and South Asians with low prevalence of traditional risk factors, for early diagnosis and treatment initiation.
Research perspectives
We found clear differences in the characteristics of individuals diagnosed with acute and chronic HBV in BC. Consequently, we propose two distinct interventions for the management of acute and chronic HBV in the province: the integration of HBV-related public health programs with those of blood borne infection programs and mental health services to provide optimal care for populations at risk for acquiring acute HBV, and the implementation of targeted screening programs for early diagnosis among ethnic groups at risk for chronic HBV.
